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(g) Expression of specific Immunogens using viral antigens. 

@ Chimeric DNA fragments are provided which include a nucleotide sequence substantially the same as 
that which codes for the HA surface protein of an influenza A virus having five immunodominant 
antigenic sites, wherein a nucleotide sequence substantially the same as that which codes for a foreign 
epitope is inserted into the nucleotide sequence of an antigenic site. Con'esponding chimeric peptides, 
expression vectors, and transfonmed hosts are provided as well. These peptides are useful in providing 
vaccines against the respective antigens and in test kits to detect the exposure to such antigens. 
Additionally, these peptides or their corresponding antibodies are useful in methods of treatment and 
prevention of the manifestations of exposure to these antigens, including immunotherapy. 
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FIELD OF THE INVENTION 

This Invention relates to Influenza virus hemagglutinin (HA) chimeric proteins which can be used as vac- 
cines against viruses, pathogenic bacteria, or other antigens such as those specific for cancerous tissues, 
5 allergic responses, and the like. These chimeric proteins can also be used in treatment of the manifestations 
of such antigens and in the detection of such antigens or related antibodies. Nucleotide sequences coding for 
such proteins are provided as welt. 

Foreign epitopes such as human immunodeficiency virus epitopes are inserted into the antigenic sites of 
the HA protein, and these chimeric proteins are capable of inducing specific immune responses against the 
10 inserted epitope. 

BACKGROUND OF THE INVENTION 

Many approaches are used in the preparation of vaccines. For viral diseases, these methods include the 
15 use of inactivated viruses, live viruses, live recombinant viruses, viral proteins, viral subunit proteins and the 
like. 

However, many types of vaccines have limited success in part because of the extensive genetic variation 
from one strain or isolate of an organism to another. Additionally, human or animal antigens involved in patho- 
genesis, i.e. IgE for allergic reactions, tumor antigens, etc., do not produce beneficial immune responses in 
20 the same animal species from which they are derived, and indeed may be treated as self- proteins, and not as 
antigens. 

However, it is desirable to use small peptide sequences or epitopes (i.e., antigenic determinants) repre- 
senting the biological function of a given antigen as immunogens even in homologous animal species. In theo- 
ry, these peptides can be used to elicit an immune response when injected into animals. In practice, however, 

25 these peptides are often not good immunogens because they are usually snr^lt and do not present themselves 
favorably to the immune system. 

An example of such a poorly immunogenic peptide is the second conserved domain of the external en- 
velope glycoprotein (gp120) of the human immunodeficiency virus (HIV). It has been found to be important for 
HIV infectivity and antibody neutralization. Science, February 26, 1988, p. 1021. Antiserum directed against 

30 this region (amino acids 254 - 274) can neutralize three different isolates of HIV in vitro , without affecting the 
binding of the virus to T-cell receptor or CD4- positive cells. The conserved domain is believed to be critical in 
a.post binding event during virus penetration and could be a potential target for antibody neutralization. How- 
ever, it has been observed that this donnain is relatively "immunosilent" when it is presented to the immune 
system in the context of natural HIV infection. This kind of immumosilence suggests that the epitope may be 

35 masked, for example, by protein configuration. 

Further details of HIV antigens can be found in Rusche, et ai., "Antibodies that Inhibit Fusk)n of Human 
Immunodeficiency Virus-infected Cells Bind a 24 Amino Acid Sequence of the Viral Envelope, gp120,'' Proc. 
Natl. Acad. Sci. USA, 85:3198-3202, May 1988; BolognesI, "Progress in Vaccine DevelopmentAgainstSIVand 
HIV," Journal of Acquired Immune Deficiency Syndromes , 3:390-394, Raven Press. Ltd., New York, 1990; 

40 Wain-hobson, "Nucleotide Sequenceof the AIDS Virus, LAV," Cell, 40:9-17, January 1985; and Ho, etal, "Sec- 
ond Conserved Domain of gp120 Is Important for HIV Infectivity and Antibody Neutralization," Science , 
239:1021-1023, February 26, 1988. 

One way to enhance the immunogenkiity of epitope peptides Is to increase their size, and therefore their 
recognizability. by linking them in some manner to fuston proteins, macromolecules, or adjuvants. 

45 Colbere-Garapin et al have reported the preparation of insertion mutants of type 3 polkivirus (Sabin strain), 

in which additional amino acid sequences (tri- or hexapeptides) are inserted within the neutralization site 1 of 
the capsid protein VP1. Colbere-Garapin, etal., "Addition of a Foreign Oligopeptide to the Major Capsid Protein 
of Pdiovirus," Proc. Natl. Acad. Sci. USA. 85:8668-8672, November 1989. 

Evans, et a)., have reported the constructksn and the characterization of a pdiovirus antigenic chimera 

50 protein containing an epitope from the transmembrane glycoprotein (gp41) of human immunodeficiency virus 
type 1 (HIV-1). Rabbit antisera raised by subcutaneous inject k>n of live poiio/HIV chimera was shown to be 
broadly neutralizing against several American and African HIV-1 isolates. Evans et al., "An Engineered Polio- 
virus Chimaera Elicits Broadly Reactive HIV-1 Neutralizing Antibodies," Nature . 339:385-388. June 1, 1989. 
However, the use of live viral vectors such as polio virus presents problems for practical use. in that serum 

55 antibodies may arrest replication of recombinant virus in the body. In addition, live viral vectors have rigid con- 
straints on the size of an insert and provide a limited number of insertion sites. 

Wu, et al., have reported the in-frame insertion of synthetic oligonucleotides corresponding to amino acid 
residues of S (122-137) and pre-S2 (120-145), which are hepatitis B virus surface antigens, into the hyper- 
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variable region of a cloned Salmonella flagellin gene. Animals Immunized with the live recombinant bacteria 
developed antibodies specific to the hepatitis B virus epitopes as detected by ELISA. Wu, et al., "Expression 
of Immunogenic Epitopes of Hepatitis B Surface Antigen with Hybrid Flagellin Proteins by a Vaccine Strain of 
Salmonella, " Proc. Natl. Acad. Sci. USA, 86:4726-4730, June 1989. The immune response was weak, short- 

5 lived, and declined rapidly after immunization. 

Michel, etal., have reported the insertion of various HIV envelope fragments into the hepatitis B virus sur- 
face antigen. Immunization of rabbits with these fusion proteins produced neutralizing antibodies. Michel, et 
al., "Induction of Anti-Human Immunodeficiency Virus (HIV) Neutralizing Antibodies in Rabbits Immunized with 
Recombinant HIV-Hepatitis B Surface Antigen Particles." Proc. Natl. Acad. Sci. USA . 85:7957-7961. 1988. 

10 Similarly, It has been found that histamine release from rat mast cells, both ]n vitro and in vivo , can be 

inhibited by Immunization with a human peptide- protein conjugate. Stanworth, et al., "Allergy Treatment with 
a Peptide Vaccine," The l-ancet . 336:1279-1281, October 7, 1990. See also, Stanworth, et al.. The Role of 
High and Low Affinity IgE Receptors in Cell Signalling Processes," Molecular Immunology . 27(1 2): 1291 -1296, 
1990. 

15 Monoclonal antibodies (mAbs) have also been widely used for passive immunization and for diagnostic 

purposes to detect infections or pathologic conditions like the presence of tunnor antigens. However, production 
of a nr>onoclonal antibody of desired specificity is lat>orious and unpredictable. Several steps of blind screening 
and assays involving a series of overlapping peptides are needed to determine specificity of an mAb. Some- 
times the functional epitope may not be in the immunodominant position for the antigen to produce an nrtAb 

20 against that region. 

Thus, there is a need for vaccines diagnostic agents, and therapeutic agents that can take advantage of 
the potential immunogenicity of antigenic determinants or epitopes according to the invention. 

SUMMARY OF THE INVENTION 

25 

Chimeric proteins have now been discovered which are immunogenic and comprise the HA protein of in- 
fluenza A virus having a foreign epitope insertion. Immunization of mammals with these recombinant or syn- 
thetic chinneric proteins results in the generation of peptide specific antibodies. The Immune response gener- 
ation with these chimeric proteins is long-lasting, for example, in excess of six months. These chimeric proteins 
30 or the corresponding antibodies can also be utilized as diagnostic tools and as Immunotherapy against infec- 
tions in pathologic conditions as well as in post-exposure cases, like accidental pricking with needles in hos- 
pitals. 

DMA fragments which code for HA chimeric proteins have also been discovered. These fragments comprise 
a nucleotide sequence sut>stantially the same as that which codes for the HA surface protein of the influenza 
35 A virus having five immunodominant antigenic sites. According to the invention, a nucleotide sequence sub- 
stantially the same as that which codes for a foreign epitope is inserted into the nucleotide sequence which 
codes for at least one of the antigenic sites. 

Also contemplated are peptides comprising an amino acid sequence substantially the same as the HA sur- 
face protein of the Influenza A virus having five immunodominant antigenic sites, wherein an amino acid se- 
40 quence substantially the same as a foreign epitope is inserted into the amino acid sequence for at least one 
of the immunodominant antigenic sites. 

These proteins can be administered in effective anrwunts to mammals (including humans) in need, for the 
treatment or the prevention of various pathologies. Additionally, those peptides or corresponding antibodies 
can be used to detect exposure of a mammal, preferably through blood or a fraction thereof, to various antigens. 
45 Vaccines comprising the above peptides; expression vectors comprising the above DNA fragments, particu- 
larly baculovirus; and transformed microorganism hosts are all encompassed by the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

SO Figure 1 Is a diagram of the HA protein of influenza A virus. 

Figure 2 is a schematic flow chart of the insertion of an exemplary HIV epitope into the HA gene with cre- 
ation of an Apal site at bp 498 (corresponding to aa 139) of the HA gene. 

DETAILED DESCRIPTION OF THE INVENTION 

55 

This invention concerns the synthesis, expression, and use of novel DNA and peptides, and the DNA and 
peptides themselves, comprising an epitope- inserted HA influenza surface protein. 
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A. HA Influenza Protein 

The HA surface protein of influenza A virus is one of two surface proteins of the influenza A virus. Neu- 
raminidase (NA) is the other. HA is the major surface glycoprotein of the virus and is the antigen against which 
5 neutralizing antibodies are directed. HA is also responsible for the attachment of the virus to cell receptors, 
and therefore, is responsible for initiation of viral infection. Influenza A virus causes frequent epidemics due 
to extensive antigenic variation of the virus. These variations are due to amino acid changes in major antigenie 
sites of HA. 

Various HA genes of different influenza strains have been cloned, and all are suitable for use in the present 
10 invention. Particular note is made of the HA gene of the A/WSN/33 strain. This gene ts 1775 nucleotides in 
length and codes for 565 amino acids. Hit!, et al.. Virology . 111:113-124, 1981. 

Analysis of the amino acid sequence deduced from the nucleotide sequence shows the presence of a sig- 
nal peptide (17 amino acid residues) which Is cleaved off during the secretion process of HA. Mature HA has 
two subunits, HA1 (325 residues) and HA2 (222 residues), connected by a single arginine residue, which is 
15 cleaved off during maturation to give rise to two-chain HA. The amino acid sequence (512-530) at the C-ter- 
minus is very hydrophobic and probably constitutes the transmembrane region of HA. There are seven potential 
glycosylation sites. HA exists as a trinrter and is mainly comprised of two distinct structural regions, a fibrous 
coil system of alpha helixes extending 76 angstroms from the membrane, and a globular region of antiparallel 
beta-sheet which contains the receptor binding site and the variable antigenic sites positioned on top of this 
20 stem. 

A comparison with other flu viral subtypes indicates that many stretches of the sequence, including all of 
the cysteines, are conserved in all strains. This suggests that a basic structure of HA is required for its functional 
activity. The amino acid sequence in HA2 is rrwre conserved than that in HA1, and interstrain variations are 
due to changes In HA1 sequences. HIti, etal.. Virology , 111:113-124, 1981; Wiley, etal.. Nature . 289:373-378, 
25 1981. 

The three dimensional structure of HA protein is illustrated in Wilson, et al.. Nature , 289:366-373, 1981 
(see Figure 1). It has five antigenic sites. A, B, C, D, and E, surrounding the receptor binding site, which is 
present as a concave pocket. In HA of influenza virus strain A/WSN/33, the locations of the corresponding 
five antigenic sites are Identified as follows: Site A (aa 136-142) is a protruding loop region. Site B (aa 183- 

30 192) is a region of external residues In an alpha helix. Site C is a bulge in the tertiary structure at the disulfide 
bond between cys 42 and cys 274. Site D is a buried region in the interface between subunits spanning from 
aa 197-216, and Site E is from aa 52-74. At least one amino acid substitution in each of five antigenic sites 
appears to be required to generate new epidemic flu strains. Additionally, antibodies directed to these five an- 
tigenic sites have been observed to neutralize viral inf activity. It is believed that site A, due to Its accessibility, 

35 is well suited for high activity neutralizing antibody. Wiley, et al., Nature , 289:373-378, 1981 ; Wiley, et al., Ann. 
Rev. Biochem. , 56:365-394, 1987. 

In the present invention, HA protein is used as a vehicle to carry non-HA or foreign epitopes. Insertion 
into HA preferably occurs at one or more of these five antigenic regions and most preferably occurs at the A 
region. Afurther preferred insertion site is the region defined by amino acids 183-192. 

40 

B. Exemplary Foreign Epitopes 

Foreign epitopes useful in the present invention include any epitope known to those of ordinary skill in the 
art other than HA protein epitopes. Peptide and nucleotide sequences that are substantially the same as those 

-♦5 corresponding to a naturally occurring epitope are useful in the present invention as well. 

Examples of foreign epitopes Include, but are not limited to, viral epitopes (such as HIV-1 epitopes, hepatitis 
B epitopes, hepatitis C epitopes, retrovirus epitopes, and Herpes simplex virus epitopes); bacterial protein epit- 
opes; IgE effector site epitopes (which are instrumental in allergies); SP10 epitope (a pregnancy antigen); tu- 
nnor epitopes including breast cancer epitopes; and any other antigenic epitopes of pathological importance 

50 as well as neutralizing proteins thereof or immunogenic portions thereof. 

The term "immunogenic portion" is meant to include portions of a protein that are immunogenic in any 
condition, including those that are immunosilent before insertion but which become immunogenic or antigenic 
upon fusion with an HA protein. Methods of identifying such peptides or epitopes are known. Chou, et al., Bio- 
chemistry . 13:222-245, 1974; helper, et al.. Proc. Natl. Acad. Sci. USA , 78:3824-3828, 1981. 

S5 The term "substantially the same as" includes identical nucleotide or amino acid sequences as well as 

sequences modified by biological, genetic, or clinical techniques which possess substantially the same bio- 
logical activity. In the case of a nucleotide sequence, the biological activity could be. for example, the ability 
to code for an epitope which will elicit corresponding antit>ody promotion. In the case of an amino acid se- 
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quence, the ability to eiicit corresponding antitxxly formation would be one example. Such activity is assayed 
by methods known to those of ordinary skill In the art including but not limited to immunofluorescence. ELISA, 
Western blot autoradk)graphy. and the like. 

5 1. HIV Epitopes 

One class of foreign epitope for insertion into HA according to the invention Is that of the HIV-1 virus. HIV 
is the causative agent for Acquired Immune Deficiency Syndrome (AIDS). The HIV-1 genome codes for three 
viral structural proteins in three regions, the gag region, the pol region and the env or viral envelope regton. 
10 The gag region produces viral core proteins. 

The major core proteins are initially synthesized as precursor protein p55. P55 is subsequently processed 
into p17, p24, p15 (p9 and p6) by a viral protease encoded by the pol region. The gag precursor is thought to 
play a critical role in the assembly of viral particles at the plasma membrane. Gheysen, et al., Cell , 59:10S- 
112, 1989. Like nrKtst retroviral gag proteins, p55 (and p17 after processing) is myristylated at its N- terminal. 
15 P24 is present on the Inner core of HIV. PI 7 appears to be located on the inner side of the lipid membrane, 

and P15, because of its highly bask; character, is probably associated with the HIV genome. P24 is one of the 
earliest HIV proteins detected in AIDS patients, and antit}odles against p24 and pi 7 are present In all AIDS 
patients. It is thought that core proteins, i.e. gag, can produce cell mediated immunity. 

The pol region of HIV-1 codes for reverse transcriptease. protease, and endonuclease proteins. 
20 The env regk)n transcribes envelope protein gp160, which is processed into gp120 and gp41 . The major 

envelope protein, gp120, Is located on the outer surface of the virion as "spikes," and the transmembrane pro- 
tein gp41 includes a membrane anchor sequence and serves as the attachment site for gp120 on the surface 
of HIV-1 . Gp120 contains the T-cell receptor (CD4) binding site as well as major sites recognized by neutralizing 
antibodies. 

25 Recombinant gp120 or gp160 elicit low titered neutralizing antibodies after repeated injections. The prin- 

cipal neutralizing determinant of HIV is located on the hypervariable region of the gp120 V3 loop (amino acids 
303-338). The antit>odies produced by this peptide are viral variant specif ic. Javaherian, etal., Proc. Natl. Acad. 
Sci. USA. 86:6768-6772, 1989. 

A range of antigen ically distinct HIVs have t>een isolated firom the same infected individual. Nucleotkle se- 

30 quence analysis has also demonstrated that there Is considerable variation in HIV-1 isolates. These variations 
appear to be concentrated in gp120 and allow the virus to evade most immune surveillance mechanisms. The 
nnajority of predicted antigenic epitopes in gp120 are found in regions of high sequence variability and are in- 
terspersed in highly conserved regions. Modrow. et al., J. Viroiogy . 61:570-678, 1987. The gag and pol se- 
quences do not have highly variable regions. 

35 Several approaches have been taken to produce AIDS vaccines, e.g. inactivated virus, live recombinant 

virus, viral subunit proteins, etc. These have so far met with limited success, partly because of genetic variation 
from one HIV isolate to another. Indeed, it is believed that about 25% of the amino acids in the envelope can 
mutate. The conserved regk)ns of HIV have proven to be "immunosilent** when presented to the immune system 
in the context of gp 120, in contrast to their immunogenkiity as synthetk; oligopeptides as explained at>ove. The 

40 epitopes comprising the conserved regkins of HIV, which are typically immunosilent. can become immunogenic 
when inserted into one or more of the antigenic sites of HA according to the invention. 
Several HIV epitopes suitable for the present invention are listed in Table 1 below: 
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HIV EPITOPES 





1 PEPTIDE* 




LOCATION 


COMMENTS 


10 


1. 

2. 


T 20 
T 16 


E 
G 


env255-274 
env255-270 


Second conserved 
region of env; pro- 
duces neutralizing 
antibodies. 


15 


3. 


D 18 


S 


env gp41 
735-752 


Very hydrophilic ; 
neutralized several 
HIV-1 strains; in- 
hibits syncytia 
format ion « 




4. 


G 20 


E 


protease 
active site 


Highly conserved in 
all HIV strains 


20 


5 . 
6. 


K 27 
E 14 


R 
Q 


env403-429 
env4 14-427 


CD4 binding domain; 
Immunosilent; con- 
served ; antibody 
produced vs. pep- 
tide is neutraliz- 


25 
30 










ing* 


7. 


H 22 


G 


env307-330 


Major immuno- 
dominant epitope, 
but highly 
variable; 
HIGPGHAFY se- 
quence produces 
neutralizing anti- 
body. 


35 


8. 
9, 


pl7 
p24 




ga986-115 
gag281-305 


Conserved ; produce 
T-cell response « 



40 



Peptides are named to indicate the size of the peptide and the first and the last amino add 
of that peptide. AU but one epitope are from the conserved region of the viral proteins. One epitope, 
N22G, correspcHids to the hypervariable region of gpl20 called the V3 loop. 

45 



50 2. IgE Epitopes 

Another epitope suitable for use in the invention Is a part of immunoglobulin IgE. which is present in low 
concentrations in blood. IgE consists of two chains, heavy and light. IgE is a minor component of total serum 
immunoglobulins and mediates immediate types of hypersensitivities responsible for allergic reactions Indud- 
55 Ing. but not limited to, hay fever, asthma, food and drug allergies, and the like. The role of IgE In triggering 
allergic response was studied with synthetic rat epsilon or heavy chain peptides and antipeptide antlt>odies. 
Stanworth, Molecular Immunology , 21:1183-1190, 1984; Stanworth, et al., Molecular Immunology , 27:1291- 
1296, 1990. Circulating IgE binds to the high affinity IgE Fc receptor (FceRI) which is expressed on the surface 
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of mast cells and basophils. In an tgE-inediated response, crosslinking of receptor-bound IgE by a multivalent 
allergen leads to aggregation of the underlying FceRI receptore which In turn triggers the release of histamine 
and other chemical modulatore of an allergic response. Repeated exposure to an allergen results in the in- 
creased production of specif ic IgE and thereby increased, and sometimes fatal, allergic responses. Monoclonal 

5 and polyclonal antibodies are potent allergens by virtue of their ability to cross-link the IgE bound receptor. 

IgE also binds to a low affinity IgE Fc receptor (FcsRII) which is present in B and T cells. This receptor, 
also known as CD23, is believed to play an Important role in the synthesis of IgE in B cells. 

It was found that sites responsible for the binding to the receptor and the one for effector activity reside 
at different parts of the IgE molecule. While the binding site resides within t>oth the CH3 and CH4 domains 

10 of IgE, the effector or trigger site is located in the CH4 domain. The peptide of the trigger site is characterized 
by an N-terminal cationic "head" separated by three amino acids from the hydrophilic tall. Research has Indi- 
cated that this peptide mediates the immunological triggering signal in mast cells in response to allergen chal- 
lenge. Stanworth, et al., Lancet . 336:1279-1281, 1990. The amino acid sequence of this peptide is: Lys-Thr- 
Lys-Gly-Ser-Gly-Phe-Phe-Val-Phe and correspond to amino acids 497-506 of the human IgE heavy chain. It 

15 can be synthesized from two complennentary oligonucleotides: 

KTKGSGFFVF 
5' AAA ACC AAG GGA TCA GGA TTC TTT GTA TTC GGG GCC 3' 
20 CCGG TTT TGG TTC CCT AGT CCT AAG AAA CAT AAG CC 

Sty 1 Apa 1 



This epitope is found In the nucleotide sequence coding for H22V having the amino acid sequence 
25 HSTTQPRKTKGSGFFVFSRLEV. This peptide can be the synthesized from the nucleotide sequence: 



Apa IHSTTQPRKTK 
CAC AGT ACT ACA CAG CCC CGC AAA ACC AAG 
CCGG GTG TCA TGA TGT GTC GGG GCG TTT TGG TTC 



GSGPFVFSRLEV 
^ GGA TCA GGA TTC TTT GTA TTC TCA CGC CTA GAG GTG GCC 

CCT AGT CCT AAG AAA CAT AAG AGT GCG GAT CTC CA 

C. HA-Chimeric Peptide 

40 

The HA-chimeric peptides of the present Invention can be used as vaccines to produce peptide specific 
antibodies which Incorporate a mixture of specificities against several sequences within that peptide. These 
antibodies are of high affinity and are suitable for diagnosis as welt as immunotherapy. Peptides within the 
scope of the present invention can also be administered prophylactically to prevent infection. Administration 
45 as a vaccine or for immunotherapy can be by any means known to those of ordinary skill in the art including, 
but not limited to, oral, rectal, nasal, buccal, or parenteral administration. Vaccines or pharmaceutical compo- 
sitions for use in immunotherapy may also include any pharmaceutically acceptable carrier or adjuvant com- 
nmnly used in the art. 

One or more epitopes can be inserted in any HA chimera to provide di-, tri-, tetra- or penta- valent chimera 
50 HA. The epitope at each insertion site may be the same or different. If the epitope is the same, greatly in- 
creased antit>ody response will be seen over the mono-valent HA chimera. If the epitope is different, a multi- 
antibody response will result. More than one copy of one epitope and one or more other epitopes could also 
be inserted to yield increased antibody response and multi-antibody response. One application of this ap- 
proach is the design of a multiple vaccine that can be used as a vaccination against several diseases or disease 
55 strains simultaneously. 

The effective amount of peptide in each application can be determined by means known to one of ordinary 
skill in the art. For example, optimum dosage can be established using serially diluted preparations of the active 
agents of the present invention in connection with a suitable testing procedure. Alternatively, a matrix of dos- 

7 



EP 0 546 787 A2 

ages and frequency of administration can be estabtislied and groups of experimental subjects can be assigned 
to each part of the matrix in order to determine the optimum conditions. 

Typically In a vaccine, HA-epitope chimeric antigens are mixed thoroughly with an adjuvant, i.e. Syntex 
adjuvant or alum, and at>out 1-100 \i.Q are injected into a host. The host can be boosted periodically. I.e. every 
5 4 weeks, until a high-titer antit>ody against the peptide is obtained. More than one similar or dissimilar HA- 
epitope protein can be combined In a single vaccine. Vaccine preparation typically involves the Insertion of 
HA gene, with foreign epitope sequences such as an HIV epitope sequence, In a suitable expression vector. 
The new protein is expressed in tissue culture, and the chimeric protein Is isolated. Suitable animals are then 
vaccinated. 

10 The HA-epitope antigens of the present Invention are also useful for the diagnosis of antigen exposure or 

viral infection. ELISA is the most commonly used method to detect the presence of infecting viral antigens in 
the blood as described in Current Protocol in Molecular Biology . John Wiley & Son. 1989. The wells of a mi- 
crotiter plate typically are coated with the peptide-specific (capture) antibodies, followed by incubation of the 
serum containing viral antigen. Unbound antigen is washed out and a different antigen conjugated to a detec- 
ts tion vehicle, such as the enzyme, horseradish peroxidase, is added. The presence of the enzyme is then de- 
tected e.g. by reaction of the base sut>strate. 

Antibodies raised against the HA-epitope chimeric proteins of the present invention can be used in these 
diagnostic methods and in diagnostic kits. Screening would be particularly effective using antitx>dies raised 
against the above-described HA-HIV epitopes and HA-hepatitis B or C epitopes. 

20 Similarly, one can test for the presence of antibodies by exposing a suspected sample such as blood or 

a fraction thereof to the chimeric antigens of the present Invention. 

The HA-epitope chimeric proteins of the present invention can also be used in immunotherapy. For ex- 
ample, pathogen-specific antibodies or neutralizing antit>odies are raised against the HA-epitope proteins of 
the present inventk>n to arrest infection and disease in cases where the subject has already been exposed to 

25 infection. This would include passive immunization, since immunoglobulins containing neutralizing antibodies 
against the infectious agent can be used to contain or control the infection. Examples of passive immunization 
include immunization against rabies in animals and humans, the treatment with nrtonoctonal antit>odies of sep- 
tic shock syndrome caused by gram negative bacteria, and immunization against HIV. 

The genomes coding for the chimeric proteins of the present invention can be inserted into expression 

30 vector systems. Suitable expression vectors include BPV (tx)vine papilloma virus) based expression vector, 
dihydrofolate reductase (dhfr)- related vector, adenovirus vector, or vaccinia viral vector. Special, mention is 
made of baculovirus expression systems, such as Autographacalifornica nuclear polyhedrosis virus (AcMnPV) 
infected insect cells such as Spodoptera firugiperda (Sf9). 

During infection, the baculovirus makes large amounts of polyhedron protein, which promotes occlusions 

35 embedded with virus. The polyhedron gene has been shown to be nonessential for infection or replication of 
the virus. Deletion of this gene gives rise to occlusion -negative virus. The recombinant baculovirus is produced 
by honrwiogous recombination between transfer vector and wild-type DNA. The transfer vector (e.g. pVL941) 
contains a viral DNA segment containing the polyhedron promoter (see Example 3). The gene to be expressed 
is inserted following the promoter sequence. 

40 The inserted gene in the expression vector can be administered as a live viral vaccine such as an adeno- 

virus or vaccinia virus vaccine. It can also be expressed in large quantities by transforming a suitable host 
such as E. coli and purifying. 

All nucleotide sequences, peptides, and compositions incorporating them can be prepared by recombinant 
techniques or synthetically. 

45 

DESCRIPTIONS OF THE PREFERRED EMBODIMENTS 

The following examples serve to illustrate the Invention. The numbering of nucleotide and amino acid se- 
quences of HA is according to Hiti. et al.. Virology , 1 1 1 : 11 a- 1 24, 1 981 . The HA gene is from t he A/WSN/33 strain 

50 of human influenza virus. Routine recombinant DNA procedures for enzymatic reactions, plasmid DNA prep- 
arations, site- directed mutagenesis, bacterial and mammalian cell transformations, etc. were done according 
to suppliers direction, ores described in Sambrook, et at.. Molecular-Cloning, A La t>oratorv Manual . Cold Spring 
Harbor t_aboratory Press, 1989. All parts and percentages are given by weight unless otherwise indicated. 
Examples 1-7 illustrate the creation of an insertion site in the antigenicsite A of HA where foreign epitopes 

55 are inserted to produce chimera proteins. Example 8 illustrates that, using similar strategy, it Is possible to cre- 
ate insertion sites in the other known antigenic sites of HA. The foreign epitopes are then inserted in any of 
the newly created sites of HA. Example 8, in particular, illustrates the creation of a unique restriction site, Bglll, 
at the aa 184/185 position of HA which is part of antigenic site B. Example 9 shows the use of multiple HA 
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insertion sites. 

EXAMPLE 1 CONSTRUCTION OF HA EXPRESSION VECTOR 

5 Reference is made to Figure 2. The plasmid pHAX (also referred to as plasmid pSV-HA in Hartman, et al., 

Proc. Natl. Acad. Sci. USA, 79:233-237, 1982), carrying the complete coding sequence of HA gene, was di- 
gested with BamH1 to isolate 1.75 kb as a fragment. This DNA fragment encoding HA was then inserted into 
the BamHI site of pTZ19R (Pharmacia, Inc.) to obtain a recombinant clone ptZIQHA. 

Single stranded DNA, containing the HA sequence carried as a positive strand sequence, was isolated 

10 using ptZ19HA. Baldari, et al.. Gene , 35:27-32, 1 985. This DNA was used to perform oligonucleotide-mediated 
site mutagenesis using the following oligonucleotide: 5'-TCTGTAAAAACTGCTTTTTCG GGC CCTATG GGA 
GCATGATAC -3' (#972). This oligonucleotide corresponds to bp 480-518 of the HA gene with the Apal site 
(GGGCCC) Inserted in the middle. Mutagenesis with this oligonucleotide and transformation of E. coli JM109 
cells were done according to published reports. Sambrook, et al.. Molecular Cloning, A Latwratory Manual , pp. 

15 15-51, 1989. One done, ptZHA139-15, was found to have the newly created Apal site with gly 139, replaced 
with ala-arg while the rest of the sequence remained the same. This was confirmed by DNA sequencing of 
this region. 

EXAMPLE 2 INSERTION OF PROTEIN EPITOPES 

20 

Reference is again made to Figure 2. Complementary oligomers coding for different peptides were syn- 
thesized by the phosphotriester method. Crea, et al., Proc. Natl. Acad. Sci. USA , 70:5765. 1978. Equimolar 
concentrations of the complementary oligomers were mixed to get a duplex oligomer with flanking Apal se- 
quences. Before ligation, the oligomers were phosphorylated at the 5 -end with ATP and T4 DNA kinase, ac- 

25 cording to the supplier's instructions (Pharmacia, Inc.). About 1 0 fig of ptZHAI 39-1 5 was digested with Apal 
and was dephosphorylated with bacterial alkaline phosphatase. Sambrook. et al., Molecular Cloning. A Labo- 
ratory Manual, 1989. Atx>ut lOOng of Apal cut plasmkJ and 1^g of oligonucteotkJes were individually Mgated 
and used to transform E.coli . Bacterial colonies were screened using in situ hybridization with radiolabled oli- 
gomers. Potential recombinant clones with inserts were then sequenced in order to determine correct orien- 

30 tation of the inserts as well as correct reading frames. Each of the nine HIV epitopes of Table 1 and Figure 2 
were used. 

EXAMPLE 3 CONSTRUCTION OF RECOMBINANT BACULOVIRUS 

35 Using standard recombinant DNA techniques (Sambrook. et al.. Molecular Qoning, A Laboratory Manual . 

1989), 1 .75 kb HA or HA/HIV epitope chimera genes flanked by BamHI sequences were individually inserted 
Into the AcMNPV-derived transfer vector pVL941 (obtained from Dr. Max D. Summers, and described in A Man- 
ual of Methods for Baculovirus Vectors and Insect Cell Culture Procedures . Texas A&M University, College Sta- 
tion, TX, 1988). Expression of the heterologous protein gene is under the transcriptional control of the poly- 

40 hedron promoter. A recombinant baculovirus containing the desired gene was generated by cotransfection of 
wild-type viral AcMNPV DNA(1 |ig) and recombinant transfer plasmid DNA (2ng) into Sf9 cells using a calcium 
phosphate precipitation method. Smith, G.E. etal., Molec. Cell Biol. , 3:2156-2165, 1983. Six days later, culture 
medium containing wild type and recombinant baculovirus was Harvested, and recombinant viruses were iden- 
tified by limiting dilution method by hybridization to ^^P-labeled HA gene of Sf9 cells infected with serially diluted 

45 virus in a 96-well plate. German n, et al., J. Btot. Chem. , 264:7814-7824, 1989. Three to five rounds of hybrid- 
ization screening were performed to obtain a pure occlusion negative (polyhedron- negative) virus, such as 
AcHA-N22G encoding the HA-N22G protein. This virus was propagated in Sf9 cells. 

The Sf9 cells were seeded at a density of about 7 x 1 0^ cells per T-1 50 (1 50 cm^) flask. Alternately, Sf9 
cells were grown as a suspension culture in a spinner flask to a density of 2 to 3 x 1 0*cel Is/ml. The cells were 

50 infected with recombinant virus at a multiplicity of infection (MOI) of 5-10. Three to four days later, when the 
expression of HA chimeras was at its maximum, the cells were harvested. After washing with PBS, the cells 
were extracted with 1 % detergent mixture containing equal amounts of triton x 1 00 and deoxycholate to isolate 
membrane-bound HA or HA chimeras. Since HA is a glycoprotein, It was partially purified by passing the extract 
through an affinity column of lectin Sepharose 4B (lectin from lens culinaris, Sigma Chem. Co. - St Louis. MO). 

55 The partially purified HA or chimeras were used to Immunize animals (guinea-pigs) to evaluate their efficacy 
as immunogens. 
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EXAMPLE 4 BIOLOGICAL PROPERTIES OF HA AND HA/HIV CHIMERA PROTEINS 

High titer (10^ pfuyml) recombinant viruses were used to infect freshly plated Sf9 cells, which three days 
later were harvested and processed to isolate recombinant protein according to the method of Example 3. Re- 

5 combinant proteins constituted about 10 to 20% of the total cellular protein as estimated from coomassie blue 
staining of gel. About 2 to 10% of recombinant protein was extractable by detergent and probably represented 
native form. The remainder was insoluble protein stored inside the cell. HA and HA-HIV chimera proteins were 
synthesized as triplet bands. The lower band (approximately 55 kD) represented unglycosylated form, since 
treatment of infected cells with tuntcamycin, an inhibitor of glycosylation, produced only this protein band. The 

10 upper two bands (68 kD and 66 kD) probably represented different degrees of glycosylation processing. When 
recombinant HA baculovirus infected celts were extracted with detergent, only the 66 kD protein band was ex- 
tractable, suggesting that this protein species is membrane associated and probably represents the native 
form of HA. 

Immunofluorescence with rabbit anti-flu (A/WSN/33) serum and f luorescein-conjugated second antibody, 
15 goat antirabbit IgG, was performed. Posse, Virus Res., 5:43-59. 1986. The cells infected with recombinant vi- 
ruses showed strong membrane fluorescence. Mock-infected and wild-type infected cells failed to show any 
fluorescence. 

Biological activities of the recombinant baculovirus-inf acted Sf9 cells were assayed by hemadsorption and 
hemagglutinatk)n using 1% chk:ken RBCs. Posse, Virus Res.. 5:43-59, 1986. While the cells infected with re- 

20 combinant HA baculovirus showed significant hemadsorption, others infected with wild-type or recombinant 
baculoviruses encoding HA-HIV chimeras (N22G, D18S, and T16G) did not show any activity in this assay. 
Similar results were obtained when hemagglutination was performed using cell detergent extracts. These re- 
sults showed that the insertion of HIV epitope in HA affected the receptor binding site which mediates the bio- 
logical activity of HA. The receptor binding site on HA is present near antigen k; site A where the epitopes were 

25 selectively inserted (Figure 1). 

EXAMPLE 5 IMMUNE RESPONSE OF GUINEA PIGS INJECTED WITH HA/HIV CHIMERA PROTEINS 

Sf9 cells in 20 to 30 T150 flasks were infected with recombinant baculovirus encoding HA-N22G and HA- 
30 D18S prepared according to the method of Example 3 at an MOI of 10. The cells were harvested at 72 houre 
post- infect ion, washed three times with PBS, and processed for purifk;ation. Partially purified HA or HA chi- 
mera proteins were used to immunize guinea pigs. Booster injections were given at four week intervals. Serum 
was collected two weeks after each inject ton. 

The efficacy of the serum was determined by hemagglutinatk)n inhibition (HI) assay, which determines 
35 theabilityof antiserum to inhibit hemagglutinatk) n react ton shown by 4 units of recombinant HA and 1% chicken 
RBC. All sera were first diluted 1:10 and treated with Kaolin (100 mg/ml per milliliter) to remove natural inhib>- 
itore. Kaolin treatment did not affect the antibody titer. 

Results are illustrated in Table 2. 

After the second injection, all of the sera against recombinant HA or HA-HIV chimera protein had HI titers 
40 ranging from 1 60 for N22G to 51 20 for D1 8S. The control sera with no antigen had a titer of 20. 

After the third injection, there was a further boost in HI titer in ail animals. Animals immunized with crude 
plasma membrane prepared from cells infected with AcHA-N22G recombinant baculovirus also produced an 
HI titer of 60 to 80. An HI titer of 40 or more is considered as protective against influenza infection in human 
vaccination. 

45 When the atiove experiment was repeated with HA of a heterologous flu strain (A+ Taiwan), no neutral i- 

zatk>n was observed. This shows that the baculovirus or expressed HA antigens were able to induce strain 
specific neutralizing antibodies. Additionally, the anti-sera against HA-D18S and HA-N22G were shown to 
have antibodies reactive to HIV gp160, as shown in Western blot. Results of l-tA-N22G immunization are illu- 
strated in Table 3. 

50 Epitope N22G corresponds to the principal neutralizing donnain of g pi 60 of HIV and is thus the main target 

for developing a vaccine, Javaherian, etal., Proc. Natl. Acad. Sci. USA , 86:6762-6772, 1989. Animal experi- 
ments were repeated using recombinant HA or HA-N22G. The animals were immunized initially with a partially 
purified preparatton containing 1-2^g of HA or chimera protein, and then txxjsted three times. Production of 
antibodies against the inserted peptide, N22G, was determined by (I) anti-peptide (N22G) ELISA, (II) Western 

55 blot with envelope gp160, and (III) in vitro neutralization assay (shown in Table 3). After second (2'') and third 
(3"") bK>osters, the animals showed productions of specif ic high titer antibodies In all three assays. As expected, 
animals immunized with HA did not show any activity in these assays. The production of neutralizing antibody 
against HIV infection in animals immunized with HA-N22G is of particular interest. 
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Hemaaalutiination Inhibition (HI) Titers 
of Guinqa-pia Serum Collected Two Weeks After 
Second (2*) and Third f 3 * ^ Iniections 



Antigen 


Guinea Pig# 


Kaoxxn 


U K T 

2* 


4 4- 0-r* 
Tl AVg* 

3* 


HA 


A 


+ 


1280 


10240 




a 


+ 


D u 


^ 3 u U 


N22G 


C 


+ 


160 






D 


+ 


160 




DISS 


E 


+ 


5120 


10240 




F 




640 


3790 


Hone** 


9 


+ 


20 


40 




10 


+ 


20 


60 


N22G CrudeMemb 


11 


+ 


80 




C. Pellet 


12 


+ 


60 


N-D- 


Flu W5N 


Rabbit 313 


+ 


5120 










5120 





*■ Both aninuls died during bleeding. 

^ The HI titer of nonnal serum mthout Kaolin treatment is 320. 
^ NJ>. = not determined. 
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T ABLE 3 



10 



Serological Agalvsis of Guinea Pigs Immunized 
With HA and HA-M22G fHTVMN V3 Loop a. a. 307-330 t 
(Two animal B n«r group were usedt 



Assays 


1- 


HA 
2* 


3* 


1* 


HA-N22G 

2* 3- 


1 HA neutralization 
j titer (HI) 


1280 
1280 


2560 
2560 


2560 
5120 


160 
160 


640 
1280 


2560 
1280 


HA ELISA titer 


10* 
10* 


3x10* 
3x10* 


3x10* 
1x10* 


3x10* 
3x10* 


3x10* 
1x10* 


1x10* 
1x10* 


Anti-peptide ( N2 2G ) 
ELISA 








300 
300 


30,000 
10,000 


30,000 
10,000 


anti-env ( blot ) 








N.D. 
N.D. 


20,000 
) 1,000 


>20,000 
20,000 


Neutralizing anti- 
body titer (Done at 
NIH) 








<10 
<10 


40 

20 


) 810 
475 



15 



20 



25 



NX). 



~ Negative. 
Not done. 



30 EXAMPLE 6 PREPARATION OF HA-lgE (HA-K10F) EPITOPE 

The cloning of a recombinant HA gene Into the baculovlrus transfer vector, pBL1 (Vialard, et al., J. Virology , 
69:37-50, 1990), was facilitated by nx>drfying the flanking restriction sites. About 2 ng of ptZHA-139-15 was 
digested with BamH1 to isolate 1.75 kilobase DNA fragments. This DNA fragment after fill-in with a DNApoly- 
35 merase Klenow fragment and deoxynucleotide triphosphates (dNTP), was inserted into Hind IH/f illed in pGEM- 
9Zf(-) plasmid (Promega Biotec - Madison, Wl) to get pHA.Nhel. From this plasmid, HA or chimera HA genes 
were excised as a 1.75 kilobase DNA fragment after digestion with Spel and Xbal. 

Atx)ut 1 (ig of pHA.Nhe1 plasmid DNA was digested with Apal and then dephosphoryiated with bacterial 
alkaline phosphatase. Two complimentary oligonucleotides coding for the K10F peptide were synthesized: 



40 



45 



KTKGSGFFVF 
5' AAA ACC AAG GGA TCA GGA TTC TTT GTA TTC GGG GCC J' 
CCGG TTT TGG TTC CCT AGT CCT AAG AAA CAT AAG CC 

Sty 1 Apa 1 



Equal molar amounts of the two oligomers were mixed and phosphorylated using T4 polynucleotide kinase 
and ATP. About 0.1 ^g of dephosphoryiated vector and 1)ig of duplex oligomers were ligated and then used to 
50 transform E. coil MM294 ceils. 

Miniprep from twelve clones were prepared and digested with Styl to screen for the presence of the in- 
serted oligomers. One clone. pHA.Nhe-hlgE-11 was found to have the inserted nucleotide sequence in the 
correct coding sequence. Nucleotide sequencing confirmed the correct sequence at the desired site. At>out 
10 )ig of this plasmid were digested with Spel and Xbal together to isolate 1.8 kilobase DNA fragment. 
55 Atx)ut 10 micrograms of baculovirus transfer vector, pBlueBac (pBLI - Invitrogen Corp. - San Diego, CA) 

were digested with Nhe1 and dephosphoryiated with BAP. About equal nrwlar amounts of the Nhel cut vector 
and the 1.8 kb DNA were ligated, and the ligation mixture was used to fransform E. coli , MM294 cells. Twelve 
clones were selected to prepare mini-plasmid preparations. One done, pBL-HA-K10F-5-2, was identified to 
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have the HA.K10F gene in the correct orientation. 

To obtain the recombinant baculovtrus, about 1 ng of wild type virus, AcMNPV, DNA, and 2 ng of reconv 
binant transfer vector, pBL-HA-K10F'5-2, were used to transfect Sf9 insect cells using a calcium phosphate 
precipitation method. Summers, et al., A Manual of Methods for Baculovirus Vectors and Insect Cell Culture 

5 Procedures, Texas A&M University, College Station. TX, 1988. The recombinant baculovirus was generated 
by homologous recombination between the transfer vector and the wild-type viral DNA. Six days after trans- 
fection, the medium containing a mixture of wild-type and recombinant virus was harvested. The nfiedium, after 
serial dilution (10-3-10-^), was used to infect freshly plated Sf9 cells in 100 millimeter petri dishes which were 
then overlaid with agarose containing beta-gal actosidase substrate, X-gal. The recombinant virus, indicated 

10 by the presence of blue plaque, was further purified by several rounds of plaque purification. Vialard, et al., 
J. Virology, 69:37-50, 1990. This recombinant baculovirus was named AcHA.KIOF. Expression of the chimera 
protein HAK10F was determined by Western blot analysis of proteins of infected Sf9 cells using rabbit antit}0- 
dies raised against the peptide. After cutturing for a large scale production and purification, the chimera was 
used as a vaccine. 

15 

EXAMPLE 7 PREPARATION OF HA-lgE (HA-H22V) EPITOPE 

A nucleotide sequence coding for peptide H22V was inserted into the HA gene which was then expressed 
in baculovirus expression systems according to the procedure of Example 6. Two complementary oligonudeo- 
20 tides were synthesized 

Apa IHSTTQPRKTK 
CAC AGT ACT ACA CAG CCC CGC AAA AGO AAG 
CCGG GTG TCA TGA TGT GTC GGG GCG TTT TGG TTC 

GSGFFVFSRLEV 
30 GGA TCA GGA TTC TTT GTA TTC TCA CGC CTA GAG GTG GCC 

CCT AGT CCT AAG AAA CAT AAG AGT GCG GAT CTC CA 

The duplex oligomer was inserted at the Apal site of pHANhel to get recombinant pHA-Nhe-H22V. A 1 .8 kilo- 
35 base Spel/Xpal DNA fragment obtained from the aforementioned plasmid was inserted Into the Nhel site of 
pBL1 to obtain a recombinant transfer plasma, pBL-HA-H22V-1. By a homologous recombination of this plas- 
mid and AcMNPV DNA, a recombinant baculovirus, AcHA-H22V, was obtained. This recombinant baculovirus, 
after infection of Sf9 cells, expressed HA-H22V chimera protein which, after purification, can be used as a 
vaccine. 

40 

EXAMPLE 8 CONSTRUCTION OF HA EXPRESSION VECTOR WITH INSERTION SITE CREATED AT 
SITES B, C, D, AND E 

Using recombinant plasmid ptZ19HA, carrying HA gene, single stranded DNA was prepared. Baldari, et 
45 al., Gene , 35:27-32, 1985. This DNA was used to perform site directed mutagenesis with the following oligo- 
mer: 5' ACT CTG TTG CTC AGATCT GCT GGA CGG GTG ATG AAC 3'. This oligonucleotide corresponds to 
bp 615-650 (aa 178-189) of HA gene with the Bglll restriction site (AGATCT) inserted in the middle of the oli- 
gonucleotide. Mutagenesis with this oligo and transformation of E. coli JMI 09 were done according to the pub- 
lished report Sambrook,etal.,MolecularC!o^ pp. 15-51, 1989. One clone, pt2HA184- 
50 1 , was found to have the newly created Bglll site. This was confirmed by DNA sequencing of this region. Mu- 
tagenesis resulted in the substitutions of ser 1 84 and asp 1 85 with the arg and ser residues, respectively, while 
the rest of the sequence remained unchanged. 

EXAMPLE 9 CONSTRUCTION OF HA EXPRESSION VECTOR WITH MULTIPLE INSERTION SITES 

55 

Two insertion sites, one each at antigenic sites A and B of HA, were created where two epitopes of the 
same or different sequences can be inserted. Recombinant plasmid, ptZHA139-15, described in Example 1, 
contains the HA gene where a unique restriction site, Apal, is created at the sequence corresponding to anti- 
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genie site A. Single stranded DNA prepared from this plasmid was used to mutagen ize with the oligomer se- 
quence of Example 8 which was designed to create a unique Bglll recognition sequence at site B. One done. 
pHA139/184, was found to have both the newty created sites Apal and Bglll, which were subsequently con- 
firmed by DNA sequencing of the relevant regions. The same or a different foreign epitope is then inserted in 
5 any one of the known antigenic sites of HA. 

The procedure of Example 9 can be extended to Include creating additional unique restriction sites in re- 
gions corresponding to antigenic sites C, D, and/or E of HA as well. The unique restriction sites mentioned 
here are meant to include sites which are not present in either HA or plasmid ptZ1 9R sequences. Besides Apal 
and Bglll, other examples of unique restriction sites are Af III. Avrll. Belli, Nhel, Xhol, etc. 

10 

EXAMPLE 10 PASSIVE IMMUNIZATION WITH ANTI-N22G ANTIBODIES TO PREVENT HIV INFECTION 

Passive immunization is useful In cases where there is accidental exposure of a subject to infected blood 
or any of the blood-derived components. The application is also useful for maternal-fetal transmission of HIV. 

15 Administration of HIV-1 V3 loop (N22G) specific antibodies would prevent establishment of infection. Berzofs- 
ky, J.A., et al., "Approaches and Issues in the Development of Vaccines Against HIV," J. Acquired Immune De- 
ficiency Syndromes, 4:451-459, 1991. 

In order to obtain large amounts of N22G peptide-specif ic antitK>dies, large aninrrals (e.g., horses) are im- 
munized with multiple injections until high titer neutralizing antit>odies against HIV-1 are obtained as descrit>ed 

20 in Example 5 and Table 3. The animals are bled to obtain sera which is then passed through an affinity column 
of Protein A Agarose to enrich the IgG fraction according to the supplier's instruction (GIBCO BRL, Life Tech- 
nology, Inc., Galthersburg, MD). IgG fraction contains HIV-1 -specific antibodies. A suitable amount of IgG for- 
mulated in an appropriate carrier is injected in persons suspected of HIV-1 exposure. The dosage and timing 
of injection is determined by clinical trials in humans. 

25 The above mentioned patents. publk:ations. and test methods are incorporated herein by reference. 

Many variations of the present invention will suggest themselves to those skilled in the art in light of the 
above detailed description and are within the scope of the invention and appended dain^. 

The vaccine presented in this application provides prophylactic protection from infection by viral, bacterial 
and tumor antigenic materials in that it causes the host to develop neutralizing antitxKJies toward the foreign 

30 invasion which prevents further development of the disease. For example, the antibody developed in the Gui- 
nea Pig. as indicated supra, will neutralize (kill) an invading HIV before it enters and establishes itself in a cell. 
That the antigenic polypeptides of this invention function as antigens of the foreign epitopes Introduced Into 
HA can be shown, for example, by the react ton of human monodonal antibody for HIV with the HA- HIV modified 
compounds of this invention. 

35 Various adjuvants may be employed with the antigenic polypeptides of this invention, induding Syntex 

adjuvant, alum (0.2% buffered aqueous solution), Immunostimulating complex (ISCOM), tetanus toxoid, dip- 
theria toxoid, adjuvant glycoside Quit A (Spikoside; Iscotec AB) (Morein etal. Nature 308, 457-460 (1984), Mur- 
amyl dipeptide derivative (MTP-PE) in a low oil emulsion MF 59, and preferably cholestrylhemisuccinate (CHS) 
based liposome (WO 90/01947, March 8, 1990; WO 90/1948, March 8 1990 and US 4,721,612). 

40 The vaccines are prepared conventionally by admixing the antigenic polypeptide with the adjuvant at anrv 

blent temperature. 

These vaccines, depending upon their formulation, may be administered to a patient at risk of infection 
orally, parenterally, rectally, nasally or preferably by intramuscular injectron. The effective dose will lie between 
1 to about 500 ^g, usually from 5 to 300 ^g and probably between 15 to 100 ^g, in a single or multiple dose. 
45 Boosting may be employed to achieve the desired neutralizing antitxxJy titer (300 in the case of HIV). Depend- 
ing upon the disease, a booster may be employed In about one year. 

Throughout this application, reference to specific epitopes is either by indication of the identity of the ter- 
minal amino ackls and the length of the amino acid sequence as in N22G, where the N-terminal amino acid 
is Asn, the C-terminal amino acid is Gly and the sequence is 22 amino acids in length, or by common names 
50 for the sequences as found in the literature as in gp 160 and gp 120. 

The insertion made into at least one antigenic site of HA protein is an amino acid sequence of preferably 
at least 12 amino acids in length. 

Micro-organisms AcHa - N22G and AcHA - H22V referred to above were deposited at the American Type 
Culture Collection on 14 November 1991 and carry the ATCC Designations VR 2348 and VR2347 respectively. 

55 
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Claims 

1. A DNA fragment comprising a nucleotide sequence substantially the same as that which codes for the 
HA surface protein of an influenza Avirus having five immunodominant antigenic sites, wherein a nucleo- 
tide sequence substantially the same as that which codes for a foreign epitope is inserted into the nu- 
cleotide sequence which codes for at least one antigenic site. 

2. A DNA fragment as claimed in daim 1, wherein the foreign epitope is an amino acid sequence of at least 
twelve amino acids in length. 

3. A DNA fragment as claimed in claim 1 or 2, wherein the epitope is an HIV epitope. 

4. A DNA fragment, as claimed in claim 3, wherein the viral epitope is selected from the group consisting of 
T20E, T16G, D18S, G20E, K27R, E14Q, N22G, P17, P24, gp160 and gp120. 

5. A polypeptide comprising an amino acid sequence substantially the same as the HA surface protein of 
an influenza A virus having five immunodominant antigenic sites, wherein an amino acid sequence sub- 
stantially the same as that of a foreign epitope Is inserted into the amino acid sequence for at least one 
antigenic site. 

20 6. A polypeptide as claimed in daim 5, wherein the epitope is as defined in any one of daims 2 to 4. 

7. A vaccine comprising a potypeptide as daimed in daim 5 or 6 and an adjuvant. 

8. A vaccine as daimed in claim 7, wherein the adjuvant is Syntax adjuvant or alum. 

25 

9. An expression vector comprising a recombinant baculovirus having a genome which indudes a DMA frag- 
ment as claimed in any one of claims 1 to 4. 

10. A microorganism transformed by an expression vector as claimed in claim 9. 

11. An insect cell transformed by an expression vector as daimed in daim 9. 

12. A reagent for detecting the presence of viral, bacterial or tumor antigens comprising polypeptide specific 
antibodies raised in mammals against a potypeptide as daimed in daim 5 or 6. 

35 13. A met hod of detecting antitxxlies in a mammal comprising contacting a sample of blood or a fraction there- 
of from the mammal with an effective antitxidy detecting amount of polypeptide as daimed in any one of 
claims 5 or 6 and determining the presence or the absence and the amount of any resultant antigen/an- 
tit>ody complexes. 

4Q 14. A method of treating or preventing HIV infection in a nnammal comprising administering an effective 
amount of a vaccine as claimed in daim 7 or 8. 

15. A method of treating or preventing allergic reaction in a mammal comprising administering an effective 
anrraunt of a vaccine as claimed in daim 7 or 8. 



30 



45 



16. A method of treating or preventing infection or pathological condition in a mammal comprising adminis- 
tering an effective annount of antibodies by exposure of a host to a polypeptide as daimed in claim 5 or 
6. 



50 
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